The aim of this research was to evaluate the effect of CLA association with two vegetable oil sources on the body fat of broiler chickens. Broilers were distributed in a completely randomized factorial design 2 x 5 (two oil sources, i.e. soybean or canola oil and five levels of CLA supplementation, i.e. 0.0, 2.5, 5.0, 7.5 and 10.0 g/kg). For both sexes, supplementation with canola oil resulted in heavier birds (P<0.05) when compared to soybean oil. The effect of CLA supplementation on final body weight of female birds was significant and explained by a linear response (P<0.05). A linear reduction in abdominal fat pad content was observed on females receiving canola oil and CLA (P<0.05). Canola oil fed male and female birds had a reduction in relative liver weight (P<0.05) when compared to soybean oil fed birds. The supplementation of CLA resulted in lower relative liver weight in females birds fed canola oil when compared to that of females receiving soybean oil diets. Total serum cholesterol was lower (P<0.05) in females fed canola oil when compared to that of females fed soybean oil. Birds fed soybean oil had a higher (P<0.05) fat liver content than those birds receiving canola oil. These results confirm the observation of heavier (P<0.05) livers for birds receiving soybean oil in comparison with those receiving canola oil.
Introduction
During many years, the main objective of the poultry meat industry was to improve body weight and feed efficiency of the birds. However, in the modern poultry industry, there are other parameters that need to be taken into consideration such as low fat deposition on the body. The s upplementation of the broiler's diet with polyunsaturated fatty acids (PUFAs) reduced the hepatic lipogenesis (Clark, 1993) . Recently several reports have shown that conjugated linoleic acid (CLA) has the potential to reduce fat deposition on the animal carcass (Ostrowska et al., 1999; Thiel-Cooper et al., 2001; Wiegand et al., 2002; Corino et al., 2002 and Akahoshi et al., 2003) . This effect is related to changes in the genetic expression of lipogenic enzymes (Park et al., 1999; Bauman, 2001 ) such as the reduction of mRNA expression for the enzyme fatty acid synthetase, the esteraroil-CoA dessaturase and the acetyl-CoA carboxylase (Bauman, 2001) , hinting that hepatic lipogenesis and fat deposition may be reduced by CLA supplementation. There are also reports of the CLA effect on the increased activity of the enzyme carnitine palmitoil-transferase (Pariza et al., 1997; Akahoshi et al., 2003) and hormone sensitive lipase (Pariza et al., 1997) and reduction in the activity of the acetyl-CoA carboxylase in the liver and fat tissue (Corino et al., 2002) . Therefore, since CLA and PUFAs have the potential to influence the lipid metabolism, it is believed that the use of CLA in association with different sources of fat in the diet may improve the productive efficiency as well as body fat deposition. Much research has been carried out on the effects of dietary CLA supplementation on performance and lipid metabolism. However, there is not much information on the effect of the association of CLA with oil sources on the body fat of broiler chickens.
Materials and Methods
Two studies were conducted simultaneously using 100 male or 100 female Ross broiler chickens with 21 days of age at the start of the experiment. Ten birds per treatment were housed indoors, on floor pens and distributed in a completely randomized factorial design 2 x 5 (two oil sources, i.e. soybean or canola oil and five levels of CLA, i.e. 0.0, 2.5, 5.0, 7.5 and 10.0 g/kg). Oils used were supplied by Bünge Alimentos and CLA (LUTA® -CLA 60) by BASF. The source of CLA contained approximately 600 g/kg conjugated isomers, as a 50:50 mixture of 18:2 cis-9, trans-11 and 18:2 trans-10, cis-12. The control diets had 40 g/kg of soybean or canola oil. CLA supplementation levels were obtained b y isometrically replacing soybean or canola oil in the control diets. From 1 to 21 days of age chicks were raised in a corn-soy diet with 210 g/kg protein and 12.34 MJ of metabolizable energy per kg of diet. From 22 to 45 days of age the birds were fed the basal diet shown in Table 1 . The final body weight was determined individually at 45 days of age. Then, birds were killed by cutting the jugular vein and blood samples were collected from all 10 birds. Abdominal fat pads and livers were collected from the five birds with body weight closest to the mean body weight of the treatment. Total serum cholesterol was measured using spectrometry (LABTEST -cholesterol 20 C, until lipids were extracted using the technique of o Folch et al. (1957) . The experimental data was subjected to analysis o f variance using the System for Statistical and Genetic Analyses, developed by UFV (1997). Significant differences among means were determined by SNK test at P<0.05 throughout this study. Regression analysis was used to report the effects of CLA levels. When there was an interaction (P<0.05), the effect of the CLA level inside each oil source was determined according t o Banzatto and Kronka (1992) .
Results
The effect of oil source and of CLA supplementation on final body weight of chickens is shown in Table 2 . For both sexes, supplementation with canola oil resulted in heavier birds (P<0.05) when compared to soybean oil. The effect of CLA on final body weight of female birds was significant and explained by a linear response.
Abdominal fat pad content of females has shown a significant interaction between oil sources and CLA levels. A linear reduction in abdominal fat pad content was observed on females receiving canola oil and CLA (Y = 2.36-0.39x, R = 0.90, Fig. 1 ). Thus, the abdominal 2 fat deposition was reduced from 2.33 to 1.91 g/100g. Table 3 shows the effect of oil source on relative liver weight (P<0.05). Canola oil fed male and female birds had a reduction in liver weight (P<0.05) when compared to soybean oil fed birds. An interaction between oil source and CLA was also observed on the relative liver weight in females birds (P<0.05). The supplementation of CLA produced lower relative of liver in females birds fed canola oil when compared to that of females receiving soybean oil diets (P<0.05, Table 3 ).
There was an effect of the oil source on the total serum cholesterol of females (P<0.05). Total serum cholesterol was lower (P<0.05) in females fed canola oil (115.11 mg/dL) when compared to that of females fed soybean oil (131.76 mg/dL). In both sexes, the supplementation with CLA in association with two oil sources influenced the serum cholesterol of birds (P<0.05) and were explained by a quadratic effect ( Fig. 2 and 3) . Supplementation of the canola oil diet with 7.5 g/kg of CLA resulted in a reduction on the concentration of serum cholesterol of male and female birds when compared to the soybean oil fed birds (P<0.05). On the other hand, supplementation of the soybean oil diet with 2.5 g/kg of CLA produced a reduction in the serum cholesterol of male broilers when compared to the canola oil fed birds (P<0.05).
There was an effect of the oil source on the total lipid content of giblets (P<0.05). Birds fed soybean oil had a higher (P<0.05) fat liver content (1.72 g/100 g) than birds receiving canola oil (1.38 g/100 g). These results Each value is expressed as mean (n=5/treatment) confirm the observation of heavier (P<0.05) livers (1.92 g/100 g) for birds receiving soybean oil in comparison with those of canola oil fed birds (1.68 g/100 g). Contrary to what was observed with fat liver content, birds receiving canola oil had higher (P<0.05) heart fat content (11.03 g/100 g) than those receiving soybean oil (9.21 g/100 g). An interaction between oil source and CLA levels was also observed on the total lipid content of heart, liver and gizzard (P<0.05). The use of soybean oil and increasing CLA levels resulted in a linear increase (P<0.05) of total lipid on the liver (Y = 1.03 + 1.36x, R = 0.66, Fig. 4 ) and Without CLA supplementation gizzard fat content was higher (P<0.05) for birds fed canola oil (6.23 g/100 g) in comparison to that of birds fed soybean oil (4.48 g/100 g). However, after 5.0 g/kg of CLA supplementation this difference did not show u p anymore between oil sources (Fig. 5) . For birds fed canola oil with CLA, the liver fat content was explained by a quadratic response (Y = 1.70 -2.18x + 2.07x , R = 2 2 0.26, Fig. 4 ). The lowest fat liver content (0.81 g/100 g) was observed for birds fed canola oil supplemented with 7.5 g/kg of CLA differing (P<0.05) from that of livers of chickens fed soybean oil (2.18 g/100 g). This same effect was observed with the total serum cholesterol content of males (129.6 and 156.8 mg/dL) and females (99.6 a nd 157.8 mg/dL) for birds fed canola and soybean oil, respectively. The use of CLA with both oils resulted in a quadratic effect (P<0.05) for the heart fat content (Fig. 6 ). Heart fat content 7.57 g was lower (P<0.05) for birds fed soybean oil with 2.5 g/kg CLA in comparison with 13.25 g of heart fat content of birds fed canola oil with 2.5 g/kg CLA (Fig.  6) . However, as occur in the liver, there was a lower (P<0.05) heart fat content (8.78 g/100 g) for birds receiving canola oil with 7.5 g/kg CLA in comparison with those receiving soybean oil with 7.5 g/kg CLA (10.61 g/100 g).
Discussion
The primary objective of the present trial was to evaluate if dietary CLA supplementation in association with an oil source had any important effects on body fat and growth parameters in broilers. In a recent study, it was observed that the use of CLA in association with oils rich in T3 fatty acids or in diets that have a balanced ratio of T6:T3 has optimized the CLA effect (Aydin et al., 2001) showing that the CLA effect depend upon the oil source in the diet.
The results of the present study demonstrated that the beneficial effects of CLA on body fat in broilers depend of oil source as demonstrated by linear reduction of lipid Liver (g/100 g)
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Oil Oil  ---------------------Males ------------------- with one bird per repetition deposition in abdominal fat pad when canola oil was used with CLA but, this effect was not demonstrated when soybean oil was added. Additionally, a linear decrease in the total lipid content of gizzard and a reduction on the relative liver weight in females supplied with CLA and canola oil was also observed. The contrary was observed when soybean oil and CLA were used since there was a linear increase in the total lipid content of liver and gizzard. Brown et al. (2001) have also shown that the CLA effect can be modified by the oil supplement, therefore, these results show that the association of CLA with an other fat should b e considered. Our results showed that the effect of CLA in association with canola oil in lipid deposition was observed only in females that normally have higher lipid deposition compared to males. Corino et al. (2002) observed a lower activity of the enzymes acetyl-CoA carboxylase, glucose-6-phosphate dehydrogenase in females a s compared to males. Further studies have suggested that CLA may enhance growth. According to previous studies (Ostrowska et al., 1999) , the CLA treatment improved the feed utilization over that of the sunflower oil. Thiel-Cooper et al. (2001) verified a linear increase in average daily gain as the level of CLA increased in the diet. Our results showed an In the present trial, it was demonstrated that the addition of canola oil resulted in an increase of body weight as well as in a reduction of relative liver weight, in the total serum cholesterol of females birds and in the total liver fat content when compared with soybean oil. Fatty acid production in birds occur mainly in the liver, therefore the lighter livers of male and female birds fed canola oil found in this study was probably due to a reduction in the endogenous production of lipids as also shown by the reduced serum cholesterol levels in the females. Thus, both CLA and canola oil, associated or not, can affect body fat by decreasing synthesis and increasing oxidation.
Conclusions
1. Canola oil fed birds were heavier than soybean oil fed birds. 2. Relative liver weight in both sexes and serum cholesterol in the females were reduced by the canola oil diet. 3. The CLA response on abdominal fat deposition the diet. 4. The effect of CLA in reducing total serum cholesterol, liver weight and total lipid content of giblets was dependent on oil source.
